Introduction {#Sec1}
============

Infectious diseases are still challenging in last decades. After the outbreaks of SARS in China on 2002, Ebola in West Africa and MERS in 2015, the beginning of 2020 was marked by a novel coronavirus (COVID-19) outbreak (WHO [@CR48]). The virus SARS-CoV-2 that causes COVID-19 seems to be spreading mainly from person to person, easily and sustainably, leading to the respiratory illness, and deaths of older adults and people of any age who have serious underlying medical conditions (CDC [@CR6]). In less than 3 months, after the first confirmed case in Wuhan, China (December 2019), COVID-19 has been spreading rapidly across the world, spiraling into pandemic affecting 210 countries and claiming more than 100,000 lives (WHO [@CR48]). Because of the absence of specific vaccines or treatments for COVID-19, many countries like Tunisia have chosen a lockdown strategy to stop the spread and to protect their populations. This approach aims to reverse epidemic growth, reducing case numbers to low levels by social distancing the entire population, closing schools and universities and halting all non-essential economic activities (CDC [@CR6]). In 3 months, one third of humanity was under COVID-19 lockdown. During lockdown, people are urged to stay at home and to go out only to meet the most urgent needs like buying food. Therefore, COVID-19 caused a drop in household consumption and a shift in their life and spending habits (Criteo Coronavirus Survey [@CR10]). It is interesting to consider these changes in people\'s behaviors in the longer term. On the other hand, lockdown has led to a decrease in energy and material utilization. The European Environment Agency's (EEA) has reported decreasing amounts of air pollutant concentrations, largely due to reduced traffic and other activities, especially in major cities under lockdown measures (EAA [@CR14]). Interestingly, COVID-19 could accidentally contribute to progress toward meeting several Sustainable Development Goals (United Nations SDG 2015--2030), and in particular of SDG 2 (End Hunger) and SDG 12 (Ensure sustainable consumption and production patterns), including the target to halve per capita food waste at the consumer level by 2030. According to the United Nations Food and Agriculture Organization, food waste can be defined as a decrease in the quantity of edible food resulting from decisions and actions by retailers, food service providers and consumers (FAO [@CR15]).

Food waste is a growing global issue, posing a challenge to food security, food safety, the economy and environmental sustainability. Around 1/3 of the world's food---approximately 1.3 bion tons---was lost or wasted every year (FAO [@CR15]). Its economic, environmental and social implications have been recognized at the highest levels of global governance. Food losses and waste amounts reached roughly US\$ 680 billion in industrialized countries and US\$ 310 billion in developing countries (FAO [@CR16]. Food wastage ruins the resources used to produce food: losses of 250 km^3^/year of water, and of 28% the world\'s agricultural area (FAO [@CR16]). Moreover, the carbon footprint of food waste has been estimated 3.3 billion tones of CO~2~ equivalent per year. The total greenhouse gas emissions come not only from power production machinery and transport vehicles, but also through food waste decomposition itself (FAO [@CR16]).

Waste control has become a critical issue for optimizing sustainable development and profitability, in particular in low- and middle-income countries, since food waste reduction has an important role to play in the quest for global food security. According to FAO ([@CR16]), the annual rate of food waste per individual is around 16% in the North Africa and Central Asia, 34% in Europe, 31% in Asia, 39% in North America and 11% in Latin America. While in low-income countries waste occurs during production processes, in middle- and high-income countries waste is mostly driven by retailers and consumers. Household food waste is around 30% of total food waste. In the European Union, households are responsible for about 53% of the food wasted within the value chain (Stenmarck et al. [@CR39]). In Near East and North Africa region, food waste has been estimated to 250 kg per year per individual and, at the consumption stage, to be 34% (FAO [@CR17]). Several studies identified food categories that are most wasted in households, such as fresh fruits and vegetables, bread and other bakery goods, and leftovers (Fanelli and Di Florio [@CR18]; Shanes et al. [@CR38]; Szabó-Bódi et al. [@CR41]). Others studies have focused on consumers' behavior, awareness and the causes of food waste in countries such as Australia (Pearson et al. [@CR33]), Morocco (Abouabdillah et al. [@CR2]), Egypt (Elmenofi et al. [@CR13]), Italy and Germany (Jörissen et al. [@CR27]), Turkey (Yildirim et al. [@CR49]), Algeria (Arous et al. [@CR3]), Greece (Ponis et al. [@CR34]), Montenegro (Berjan et al. [@CR5]) and Malaysia (Dalilawati et al. [@CR11]).

Several factors in households can influence food waste such as in-store behavior (over-shopping) and household management practices (poor planning / food management, storage problems), as well as psycho-social factors (personal choice and lifestyle, food habits, lack of cooking skills) (Aschemann-Witzel et al. [@CR4]; Farr‐Wharton et al. 2014; Jörissen et al. [@CR27]; Dalilawati et al. [@CR11]). In order to control and develop strategies to solve or at least reduce this problem, several tools have been developed for evaluating and identifying causes of waste (Hebrok and Boks [@CR23]). They include waste composition analyses, surveys and food waste diaries. Surveys allow gaining a broad view of waste-related issues, in particular a better understanding of human behavior and the reasons governing it.

Food waste is also prevalent in Tunisia as reported in the exploratory study of Sassi et al. ([@CR37]) on 281 Tunisian adults: about the half of respondents declared throwing food. Tunisian per capita food waste reached 112 kg/year in 2017 (INC [@CR17]). This food waste represents 5% of food expenditures per year (US\$ 197 million, INC [@CR16]). The food waste has a direct impact not only on an environmental level but also on social and economical levels. Food prices or availability and socioeconomic backgrounds of households have evolved since the Arab spring in Tunisia (OECD [@CR32]). Because of the consecutive economical crisis, Tunisians (15.2% of poverty) face food insecurity. Thus, understanding food waste at the household level in Tunisia is important because its reduction would contribute to strengthening the economic, social and environmental performance of the food value chain, and to improving food security.

Times of crisis such recessions experienced in Greece and in Italy have led to changes in consumers' behaviors and attitudes toward food waste (Abeliotis et al. [@CR1]; Martinengo [@CR29]; Fanelli and Di Florio [@CR18]). Wang et al. ([@CR46]) have reported psychological impact, anxiety, depression and stress among Chinese respondents, during the initial stage of the COVID-19 outbreak. During COVID-19 lockdown, this stressful situation may affect consumers' behaviors, due to changes in living habits (Durante [@CR12]).

To the best of our knowledge, no previous study investigated the link between lockdown or quarantine and household food waste management. Thus, the aim of this research was to gain more insight into the relation between a stressful event (COVID-19 lockdown) and changes in behaviors and attitudes regarding food wastage.

Materials and methods {#Sec2}
=====================

The study was based on an online survey in Tunisia using a structured questionnaire, adapted from previous studies performed in the North Africa region (Abouabdillah et al. [@CR2]; Sassi et al. [@CR37]; Arous et al. [@CR3]).

The survey was conducted through a self-administered questionnaire. It was developed and administered in French language (the academic language in Tunisia) from March 24 until April 7, 2020, during the two first weeks of COVID-19 outbreak lockdown (started from March 20, 2020, in Tunisia), through the Google website ([www.google.com](http://www.google.com)). Respondents were recruited on a voluntary basis.

The questionnaire consisted of 23 one option and multiple choice questions structured in 6 sections: (1) Food purchase behavior and household food expenditure estimation; (2) Knowledge of food labeling information; (3) Attitudes toward food waste; (4) Extent of household food waste; (5) Economic value of household food waste and willingness and (6) Information needs to reduce food waste. The last part was about sociodemographic characteristics (gender, age, marital status, employment, education, household size, level of income and region). Pupils and students living at their parents' place were excluded from this study. The survey was disseminated through various institutional communication channels, such as institutional website (Département des Industries Agroalimentaires, Institut National Agronomique de Tunisie), social media (<https://www.facebook.com/>) and by mailing. Internet use increased between 15 and 20% in Tunisia during the first containment phase (National Telecommunications Authority [@CR30]). Moreover, the choice of this particular social media was justified by its high penetration rate in Tunisia (7.3 million of users out 11.7 million of inhabitants).

Primary survey data analysis consisted in frequency counts and percentages, using Microsoft Excel software. Chi-square tests of independence were used to test for associations with demographic variables, using GraphPad Prism (version 8, 2019). Statistical significance was determined by p \< 0.05.

Results and discussion {#Sec3}
======================

Sociodemographic characteristics of the respondents {#Sec4}
---------------------------------------------------

Demographics (Table [1](#Tab1){ref-type="table"}) indicate that 72% of the respondents are women, 54% live in households with more than 4 members, 77% were active professionally and 96% were highly educated. This was related to the recruitment mode on a voluntary basis, to the mode of administration through social media, as well as to the language used (French). Because of the non-probabilistic sampling design, the sample cannot be considered as representative of the adult population in Tunisia. However, it is representative within the aforementioned groups (Abeliotis et al. [@CR1]). Moreover, it has almost similar to that from Sassi et al. ([@CR37]), in terms of gender, education and professional activity. In order to further improve the panel's representativeness, survey weights were applied and used in all Chi-square analyses (Neff et al. [@CR31]).Table 1Respondents profiles (*n* = 284)% of respondentsGender Women72 Men28Age (years old) 18--2513 26--4050 41--5931 60 and more6Number of persons in the household 16 218 322 4 and more54Education Primary and high school4 University96 Occupation Farmers1.0 Craftsmen, traders, entrepreneurs12.5 Managers and higher intellectual professions44.0 Intermediate professions1.8 Employees18.0 Workers0.0 Retired4.6 Students11.3 Other people without activity6.8

Therefore, specific limitations of this study are linked to the data gathering method. Online surveys are cheap, simple to set up and do not require a physical contact between the interviewers and the respondents that was a concern during COVID-19 outbreak. They provide a large view of waste-related issues. However, online surveys raise the limit of sampling method: they cannot reach people that are not comfortable with technology or don\'t have access to technology or the internet, such low income, poorly educated persons or elderly. Moreover, online surveys do not allow a depth analysis of the results. This can be achieved through qualitative studies.

Awareness and attitude toward food wastage during COVID-19 lockdown {#Sec5}
-------------------------------------------------------------------

Because food waste is partly attributable to consumers (FAO [@CR17]), it was critical to estimate consumer awareness, especially during an unusual situation like the COVID-19 pandemic (Table [2](#Tab2){ref-type="table"}). Findings revealed that a large majority (89%) of respondents affirmed to be aware of food waste. There was an increase in food waste awareness, when compared to INC data (71%) (INC [@CR16]). Moreover, significant relations have shown between reported awareness, age and education. Our results are consistent with those of Neff et al. ([@CR31]) and Qi and Roe ([@CR35]) reporting significant associations between food waste knowledge and demographics such age and employment status.Table 2Survey results^a^ (selected) on the impact of COVID-19 lockdown on consumers\' awareness, behavior, and attitudes toward food wastage (*n* = 284)%RespondentsAllSexAge (years old)Number of persons in the householdEducationWomenMen18--2526--4041--5960 and more1234 and morePrimary/high schoolUniversityReported awareness Yes89908783\*87\*92\*100\*8190879090\*89\* No7688\*8\*6\*0\*138660\*7\* No opinion4458\*5\*2\*0\*626410\*4\*Efforts to control food wastage Yes93949178\*94\*95\*100\*88\*98\*94\*92\*70\*94\* No2213\*1\*2\*0\*0\*2\*2\*2\*0\*2\* No opinion54819\*4\*2\*0\*13\*0\*5\*6\*30\*4\*Changes in shopping habits Yes80798072808376817681808079 No20212028201729132419212021Reported intentions of avoiding discarding bought items Yes85858767\*87\*90\*88\*8192878370\*86\* No55311\*4\*3\*0\*64350\*5\* Do not think about the issue10101022\*8\*7\*18\*134101230\*9\*Current final use of uneaten food Eating the next day5455\*52\*44\*58\*52\*50\*56\*52\*56\*55\*50\*55\* Feed domestic animals1816\*24\*28\*15\*22\*6\*0\*18\*11\*23\*10\*19\* Freezing1315\*8\*11\*9\*14\*39\*25\*12\*17\*10\*20\*12\* Donating34\*0\*3\*3\*3\*0\*6\*4\*3\*2\*0\*3\* Recycling12\*0\*0\*1\*2\*6\*6\*0\*3\*1\*0\*1\* Discarding108\*16\*14\*13\*7\*0\*6\*14\*10\*10\*20\*10\*^\*^*p* \< 0.05: for each Chi-square test, the percentages shown represent column proportions^a^The results are expressed as the percentage of respondents

Interestingly, respondents overwhelmingly declared to try to control their food waste levels during the COVID-19 lockdown, whereas only 2% affirmed that the COVID-19 lockdown would not impact their waste levels (Table [2](#Tab2){ref-type="table"}). Age and education increased significantly reported efforts to control food wastage during COVID-19 lockdown. Statistical analysis also revealed a significant relation between reported efforts to control food waste levels and number of household occupants. In this context, it is noteworthy to mention that the restriction on eating out increased home cooking and consequently the use of bought food products. Moreover, this situation increased awareness, probably, due food availability rather than environmental considerations. Within few days, people have had to rethink one of the most basic needs of their daily lives: food. Hall et al. ([@CR22]) have shown that food waste is positively correlated with food availability. In most countries, government announcement of lockdown has led to a panic buying of food, to anticipated shortages of goods and services. However, COVID-19 has not affected overall global food security, at the time of the study period (FAO 2020). According to the Tunisian Ministry of Agriculture, food and agriculture are little affected by COVID-19 pandemic. Similarly, changes in customers' behaviors toward food waste have been shown to be related to the external factors such as economic crisis in Greece (Abeliotis et al. [@CR1]) and in Italy (Martinengo [@CR29]; Fanelli and Di Florio [@CR18]). According to Coldiretti-SWG ([@CR9]), Italians have reduced food waste by 57% because of the economic crisis.

Respondents were also requested to evaluate qualitatively their level of awareness. A large majority (91.9%) of respondents affirmed that they worry about food waste and try to avoid it when they can. In contrast, 3.9% are aware about food waste problems but have no intention to change their current habits, and 1.4% stated that they had an interest in the issue of food waste in the past, but now they do not care about it. Only 2.1% declared to not consider food waste as a crucial problem, and 0.7% had no opinions about this issue. Our findings are in agreement with those of Abeliotis et al. ([@CR1]), Martinengo ([@CR29]) and Fanelli and Di Florio ([@CR18]), showing increased levels of awareness and changes in attitudes, toward food waste during times of crisis. This high level of awareness about the food waste constitutes an important condition for a future behavior change.

Food purchase and preparation behaviors and attitudes toward COVID-19 lockdown {#Sec6}
------------------------------------------------------------------------------

Shopping behavior is considered as key to reducing food waste (Farr-Wharton et al. [@CR19]; UNEP [@CR44]; Aschemann-Witzel et al. [@CR4]). In order to assess their attitudes toward food, respondents were asked about their food shopping behavior and their household food expenditure.

Regarding main location for grocery shopping, 64.3% buy their foods from supermarkets, whereas 29.0% buy their from small retailers, 2.1% from hard discount stores and only 2.5% from traditional local markets ("souks"). When compared to results provided by Sassi et al. ([@CR37]), our findings indicate a rise of 66% for shopping in supermarkets. During COVID-19 pandemic, there was a tremendous concern about safety. Therefore, supermarkets have communicated, as a way of reassuring customers, on a number of safety measures implemented, such as social distancing, additional cleanliness and hygiene (Carrefour [@CR7]; Webmanager center [@CR47]). Only 2.1% of respondents declared to use home delivery, despite the development of online services, in particular online food delivery platforms and payment methods in Tunisia. Online grocery shopping can offer interesting benefits to customers, including time savings, home delivery and, in the COVID-19 context, social distancing. In developed countries, more of half of customers declared to plan to shop online more as a result of COVID-19 (Criterio Coronavirus Survey 2020). Previous results of Jung et al. ([@CR26]) showed that consumers reduced their expenditures at department stores and on food outside the home while e-commerce expenditures significantly increased in May and June of 2015, when MERS outbreak occurred in South Korea. In Tunisia, e-commerce remains a small retail channel, when compared to those in MENA region (only US\$ 63 million in 2017) (Santander [@CR36]). A large proportion of Tunisian consumers do not give preference to e-commerce. This is partially related to a certain degree of mistrust of online purchases. Cash on delivery remains the most popular payment (70% of all online transaction payments) (Santander [@CR36]).

To the question of the frequency for grocery shopping, food shopping was performed once a week by 39.8% of respondents, two or three times a week by 31%, daily by 15%, once every 2 weeks by 7.5% and once a month by 3.5%, and 3.2% declared to rarely doing it. In contrast, in the study of Sassi et al. ([@CR37]), 34.5% of respondents claimed to do shopping every day. Thus, our results showed an impact of COVID-19 pandemic on frequency of grocery shopping. This can be explained by the concern of safety as well as by the lockdown itself: people were only allowed to leave their homes during the day, only in an emergency or absolutely essential errand. Giordano et al. ([@CR21]) have established a negative impact of frequency of grocery shopping on household food waste quantities.

When asked about their household food expenditure, 36% of the respondents affirmed to spend monthly between US\$ 100 and 175, 32% over US\$ 175 for food, 27% between US\$ 35 and 100 and 5% less than US\$ 35. Minimum wage in Tunisia is about US\$ 145 per month (OECD [@CR32]). It would be expected in this context that the way money was spent during COVID-19 lockdown might be different. According to Durante ([@CR12]), individuals would be more strategic about how they spend their money under stress. In other words, stressed consumers increase spending on necessities and spend less on discretionary items.

Figure [1](#Fig1){ref-type="fig"} shows reported performance of shopping behaviors (buy because of the sales; make a shopping list). According to our survey, 42% of respondents declared to use a shopping list. This was higher than the result found (29.2%) by Sassi et al. ([@CR37]). Making food shopping list is considered as an efficient food waste prevention tool at the household level, by preventing the purchase of surplus foods (van Geffen et al. [@CR20]).Fig. 1Self-reported shopping behaviors during COVID-19 outbreak lockdown, expressed as the percentage of respondents (*n* = 284)

More than 50% declared to buy sometimes discounted food products, followed by 39% who always buy these products. Giordano et al. ([@CR21]) have found no evidence of either a positive or negative relationship between the purchase of discounted food products and household food waste quantities. Moreover, recent findings have pointed out that people who are price oriented and/or have an attraction to special offers tend to waste less (Jörissen et al. [@CR27]; van Geffen et al. [@CR20]).

To the question "Has COVID-19 lockdown changed your shopping habits?," 80% of respondents have answered positively (Table [2](#Tab2){ref-type="table"}). No significant relations were found with demographics (Table [2](#Tab2){ref-type="table"}). These changes were not related to what they bought since 70.9% declared to have shopped for usual food products. Only 26.3% affirmed to have got only shelf-stable grocery items. However, the announcement of COVID-19 lockdown caused an increased shopping in non-perishable food items (TAP 2020).

To the question "Will you consume all the food items that you have bought, during COVID-19 crisis," 85% claimed that nothing will be wasted, whereas 10% did not think about this issue and 5% declared a part will be probably discarded. Significant associations were found between the statement of consuming all bought food items, age and education (Chi-square test *p* \< 0.05). This result confirmed the increased awareness in food waste issue, during COVID-19 crisis. The motivation could be based on food availability (Hall et al. [@CR22]) and economical problem, rather than an environmental concern (Neff et al. [@CR31]; Qi and Roe [@CR35]). COVID-19 lockdown has led to a loss of income-earning opportunities, mainly for independent workers which could cause a contraction of consumption. So, in stressful situation, consumers would rather prefer to save than to spend (Durante [@CR12]).

Taken together, our results indicate that during COVID-19 lockdown, changes in food purchasing behaviors were associated with a better food shopping performance, rather to the composition of shopping basket items. Our results are in agreement with those of Abeliotis et al. ([@CR1]), Martinengo ([@CR29]) and Fanelli and Di Florio ([@CR18]), who have observed positive changes in customers' behaviors after severe recessions experienced in Greece and in Italy, which make consumers more conscious of their food purchasing.

Quantity of food wasted and extent of household food waste during COVID-19 lockdown {#Sec7}
-----------------------------------------------------------------------------------

Qualitative ratings were requested regarding the amount of food usually discarded and the impact of the COVID-19 pandemic. About 58% respondents declared usually discarding low percentages of food they purchased, 29.7% claiming that they did not discard any food, and 8.2% reported they discarded a reasonable amount of purchased food. This could be related to Tunisian culture, customs and Muslim-driven traditions, such as the act of throwing food considered as unacceptable. Only 3.9% affirmed they discarded too much food. It is worth highlighting that, according to the survey results, most of the respondents usually discard food items they bought, even though this quantity wasted is generally small. Our results are below than those found by Sassi et al. ([@CR37]), indicating that 39% respondents declared that they do not throw away any edible food. Survey respondents tend to substantially under-report their waste levels and in contrast to over-report their effort levels (Neff et al. [@CR31]; Qi and Roe [@CR35]; van Geffen et al. [@CR20]). Significant relations have been reported between household discards, age and parental status (Neff et al. [@CR31]; Shanes et al. [@CR38]) as well as between food waste, household income and number of household occupants (Jörissen et al. [@CR27]; Giordano et al. [@CR21]).

Interestingly, the COVID-19 has led to a change of behavior since 85% respondents declared nothing of what they bought would be discarded. Only 5% admitted they would discard food and 10% did not think about this concern (Table [2](#Tab2){ref-type="table"}). This reported intention of avoiding discarding bought items was significantly increased with age and education (Table [2](#Tab2){ref-type="table"}). These findings suggest a better food planning by shoppers during COVID-19 lockdown: food has been probably purchased with thought to how it would be used. Better organization and planning by most pre-disaster shoppers have been observed during winter storm and hurricane seasons in the USA (Kulemeka [@CR28]). In fact, planning has been shown to prevent overbuying and overcooking (van Geffen et al. [@CR20]). The change of behavior was probably associated with a loss of income and to a fear of food shortages, impairing food availability. According to the Tunisian Ministry of Agriculture (2020), they are unlikely, since adequate stores of staples remain available. Agriculture is considered essential to ensure food security of the country. This is why farmers are not submitted to lockdown measures in Tunisia. But they have still to adhere to social distancing requirements. Based on previous studies on consumers\' behaviors (Neff et al. [@CR31]; Qi and Roe [@CR35]; van Geffen et al. [@CR20]), food waste prevention during COVID-19 crisis can be thus more associated with direct personal benefits than to pro-environmental concern.

Respondents were also asked to estimate the total percentage of food thrown away by categories, expressed as the percentage of purchased food items (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Self-reported ratio of thrown food per food category during COVID-19 lockdown, expressed as the percentage of purchased food items

Although these results are only estimate and then should be interpreted carefully (Abeliotis et al. [@CR1]), they remain useful to better understand the way consumers perceive their levels of waste, during the COVID-19 lockdown. According respondents' evaluation, the most wasted food group is bakery products, followed by vegetables and to a lesser extent fruits. In contrast, fish and seafood group, meat and meats products as well as pulses and oilseeds are the least wasted food, mostly estimated as less than 2% of purchased foods. Similar results on discarded food categories were found in Morocco (Abouabdillah et al. [@CR2]), Turkey (Yildirim et al. [@CR49]), Algeria (Arous et al. [@CR3]), as well as in Italy (Fanelli and Di Florio [@CR18]) and Hungary (Szabó-Bódi et al. [@CR41]). According to Tunisian National Institute for Consumption (INC [@CR17]), households waste about 16% for bread, 10% for cereal products (pasta and couscous) and 6% for vegetables. More than 49% respondents estimated throwing away more than 5% of bread and bakery products. Bread wasting remains a problem in Tunisia. During COVID-19 lockdown, bakeries remain opened and people kept buying their bread. In Tunisia, bread as well as dairy and cereal products is subsidized by a State compensation system. This compensation system aims to manage the prices of staple products, particularly cereal products, and to ensure a regular supply of the local market by subsidized products at relatively stable prices, taking into account citizens' purchasing power (ODCE 2019). In NENA region, quantitative food losses and waste per year have been evaluated to roughly 14 to 19% of grains, 26% of roots and tubers, 16% of oilseeds and pulses, 45% of fruits and vegetables, 13% of meats, 28% of fish and seafood and 18% of dairy products (FAO [@CR17]). They are more related to post-harvest stages of the supply chain.

Concerning the final use of uneaten food during COVID-19 lockdown, 54% respondents reported to eat it the next day, 18% to give to feed domestic animals and 13% to store it in the freezer. About 3% claimed to donate uneaten food to needed people, in accordance with Tunisian culture. About 1% affirmed to recycle them, by composting. Only 10% declared to discard them (Table [2](#Tab2){ref-type="table"}). Our data are in striking contrast to similar studies conducted in North Africa before COVID-19 pandemic, stating that the majority of uneaten food was usually wasted (Abouabdillah et al. [@CR2]; Elmenofi et al. [@CR13]; Arous et al. [@CR3]). During COVID-19 lockdown, it appears that most of the respondents have set up a strategy of saving, storing and eating leftovers. These behaviors are known to control the level of domestic food waste (van Geffen et al. [@CR20]). Table [2](#Tab2){ref-type="table"} indicates significant associations between food wastage behaviors and demographics (sex, age, household occupants and education). Women, persons more than 40 years old and university-educated people tend to prevent wastage of leftovers by freezing, donate or recycling them, whereas as men and less educated people tend to throwing them away more or to use them for animal feeding.

To gain insight into food waste, respondents were asked to indicate the main reason for discarding food (Fig. [3](#Fig3){ref-type="fig"}). Responses reveal the most cited reasons were over cooking (35%) and a too long storage in the refrigerator (30%). Our results are consistent with those reported by Pearson et al. ([@CR33]), Arous et al. ([@CR3]) and Hebrok and Boks ([@CR23]), indicating that buying and cooking too much, not finishing meals and inappropriate food storage techniques were recognized as significant drivers of food waste by consumers. Over cooking was probably related to the difficulty to estimate how much to cook per person or how to cook the right portions, but also to Tunisian culture, customs and traditions, such as hospitality, food perceived as wealth and the good mother identity. Tunisian households are used to serve too much food rather than not enough (Pearson et al. [@CR33]; Fanelli and Di Florio [@CR18]; Hebrok and Boks [@CR23]). The storage period issue revealed in fact a concern about food-borne illness. Sassi et al. ([@CR37]) have also reported food safety as the main reasons of food waste in Tunisian households. Consumers worry about food poisoning when making food discard decisions. Our results are in agreement with those of Neff et al. ([@CR31]) and Qi and Roe ([@CR35]). Ten percent of respondents have claimed over buying as a main reason of food waste. This was related to the intentional over-provisioning, in particular in perishable food items, related to COVID-19 lockdown. Qi and Roe ([@CR35]) have indicated that for a majority of households, enhancing meal safety and freshness may sometimes require wasting food.Fig. 3Self-reported reasons of leftovers wastage during COVID-19 lockdown, expressed as the percentage of respondents (*n* = 284)

Taken together, our study has shown the positive influence of COVID-19 lockdown on consumers' behaviors toward food waste prevention. Similar findings were observed by Abeliotis et al. ([@CR1]) and Fanelli and Di Florio ([@CR18]), in times of crisis. Our findings have pointed out the need to implement Government incentive mechanisms including information campaigns, to help consumers to improve home cooks' efficiency in terms of suitable quantities, and food storage as well as to better assess food safety, and to recycle leftovers.

Willingness and information needs to reduce household food waste {#Sec8}
----------------------------------------------------------------

Table [3](#Tab3){ref-type="table"} indicates respondents' future intention to reduce food wastage. Almost half of respondents (48%) claimed to be ready to modify their behavior toward food waste. About 24% affirmed they will probably change their behavior. Somehow, our data indicate a perceived responsibility for being part of the solution (van Geffen et al. [@CR20]). These behavioral intentions can constitute a basis for implementing food wastage prevention and reduction measures. In the other hand, 27% stated that they already do what they can do. This must be related to the absence of domestic selective sorting and of recycling system, at the household level. Tunisian regulation (Law no. 95--68 of 24 July 1995, article 129) gives this responsibility to the municipalities. In contrast, 1% will not do anything: they might probably externalize the responsibility of food wastage, suggesting a lack of problem awareness and a denial of the food waste issue (Hebrok and Boks [@CR23]). Significant positive associations were found between future intention to food wastage reduction and number of occupants in the household and education (Table [3](#Tab3){ref-type="table"}).Table 3Survey results^a^ on the consumers' future intentional behavior toward food waste prevention (*n* = 284)% RespondentsAllSexAge (years old)Number of persons in the householdEducationWomenMen18--2526--4041--5960 and more1234 and morePrimary/high schoolUniversityFuture intention to reduce household food waste Certain4851395352414431\*42\*43\*54\*22\*49\* Probable2420353123252238\*24\*22\*24\*33\*24\* Already do whatever I can2728241726323331\*32\*33\*22\*33\*27\* No10100200\*2\*2\*0\*11\*0\*Conditions needed to reduce food waste in the future Do not think about it25281820\*28\*19\*44\*38\*18\*29\*24\*44\*24\*Information on negative impacts of food waste on the economy24242437\*20\*27\*11\*6\*24\*22\*26\*11\*24\* Information on negative impacts of food waste on the environment1072011\*10\*12\*6\*6\*12\*10\*11\*11\*11\* Clear labeling7693\*4\*9\*17\*0\*2\*7\*9\*0\*7\* Appropriate package size18211314\*19\*21\*17\*25\*22\*17\*18\*11\*19\* Taxes16161614\*20\*12\*6\*25\*20\*15\*13\*22\*15\* Others2------------------------^\*^*p* \< 0.05: for each Chi-square test, the percentages shown represent column proportions^a^The results are expressed as the percentage of respondents

Respondents were also requested about the necessary conditions needed to minimize their food waste in the future (Table [3](#Tab3){ref-type="table"}). Surprisingly 25% did not think about what they need to waste less food. The lack of information can partly explain food waste in Tunisia. Respondents want to be better informed about the negative impacts of food waste on the environment (24%) and on the economy (10%). Responses on necessary conditions needed to minimize their food waste in the future were significantly associated with age, education and number of occupants in the household (Table [3](#Tab3){ref-type="table"}). Our results are in agreement with those of Abouabdillah et al. ([@CR2]), Elmenofi et al. ([@CR13]), Yildirim et al. ([@CR49]) and Arous et al. ([@CR3]), pointing out the need of more information and advices to prevent food wastage. Information is one of the most widely implemented approaches for promoting food wastage prevention and reduction. Information can increase food waste awareness, which in turn can promote pro-environmental behavior change (van Geffen et al. [@CR20]). Information tools must be designed to specifically address the specific knowledge gaps that drive wasteful practices (2018). For instance, Farr-Wharton et al. ([@CR19]) and Jörissen et al. ([@CR27]) have pointed out the need to provide more information on the shelf life of fresh food and leftovers. In order to meet the SDG 12, in particular the objective to halve per-capita food waste at the consumer level by 2030, awareness campaigns about food wastage have been launched in Tunisia by the national institutions and non-governmental organizations (INC [@CR17]), but have a limited impact. For instance, despite the campaign to prevent bread wastage, launched by Tunisian Institute of Consumption (INC [@CR17]), 900,000 baguettes were still thrown daily. Similarly, Hebrok and Boks ([@CR23]) and Stöckli et al. ([@CR40]) have noted that information campaigns alone are not efficient to induce consumers' behavioral changes toward food wastage. These authors recommended to associate them with non-informational intervention types, namely modeling (i.e., "demonstration of a desired target behavior, often building on the influence of social norms"), prompts (i.e. "verbal or written messages designed to remind people to perform a target behavior"), and monetary penalties or incentives. In fact, 16% respondents stated that they will reduce food wastage if they had to pay taxes penalizing food wastage making it inconvenient from the economic point of view. This statement has been also reported by Jörissen et al. ([@CR27]), Yildirim et al. ([@CR49]) and Arous et al. ([@CR3]). Several countries have instituted policies to encourage household waste reduction and recycling, by for instance, implanting tariff-based waste management systems (Chalak et al. [@CR8]). Respondents also expressed concerns about the packaging, specifically for the size (18%) and clear labels (7%). Improving packaging and making food labeling clear can be achieved by food industry and food retail. In addition, 2.5% are in demand of advices how to cook leftovers (0.4%) and how to better estimate the portion size (0.4%), and of information on organizations and initiatives dealing with food wastage prevention and reduction (1.7%).

Taken together, our findings raise the question whether these positive behavioral changes will outlast the COVID-19 crisis. Beside of getting it under control and finding specific vaccines or treatments, COVID-19 outbreak provides the opportunity to keep these new behaviors in place after this crisis to improve consumers' behaviors from a sustainability standpoint. Abeliotis et al. ([@CR1]) and Martinengo ([@CR29]) reported a lasting change of behaviors toward food waste after the economical crisis. Fanelli and Di Florio ([@CR18]) observed that the percentage of respondents who declared to throw away less food has increased by 4% in the period before the crisis in Italy, by 17% in the period during the crisis, up to 20% in the post-crisis period. Main measures taken to reduce food waste during this crisis were a better grocery shopping management (wise and limited), an increased use of leftover products in meals and an attention to expiration date.

Conclusion and recommendations {#Sec9}
==============================

Our study has established that COVID-19 outbreak lockdown has caused respondents to strive toward reducing food waste. Respondents have developed positive attitudes toward food waste prevention; during the two first weeks of COVID-19 lockdown, they have adapted their habits that have been found to be close to the good practices recommended by FAO (UNEP [@CR44]). Our findings suggested that food waste prevention was probably driven more by the socioeconomical context of the COVID-19 crisis (i.e., food availability, restricted movements, loss of income), than by a pro-environmental concern.

In order to maintain the positive COVID-19-driven behaviors toward food waste prevention, education and communication campaigns need to be intensified to raise awareness of general food waste consequences and to raise awareness of benefits of prevention. Moreover, our survey has pointed out the need to provide consumers skills and tools to deal with their food-related activities. Anti-consumer food waste interventions should provide to consumers, technological solutions that can help them to plan, share and keep an overview of stock, as well as packaging and storing solutions that extend shelf life (Hebrok and Boks [@CR23]). At the governmental level, regulations should be implemented at the household level and government should impose penalties.

In conclusion, our study contributes to a better understanding how a crisis situation affects consumer behavior and raises awareness regarding food waste. It would be recommended to complete this research with qualitative studies. COVID-19 outbreak can provide the opportunity after the crisis and finding efficient treatments/vaccines, to make mid-term and long-term improvements in food waste reduction and to intervene into food waste practices within households. Further sustainable solutions to overcome food waste problem could be developed thanks to consumers' feedback.
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